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How to implement variability?
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Agenda

» Graph example

» Variability with runtime parameter
» Recap: Modularity

» Design patterns for variability

» Limitations of traditional techniques



An Example



Example: Graph Library

» Running example in lecture
(Chat-Client in exercise)

» Library of graph data structures and algorithms
Weighted/unweighted edges
Directed/undirected edges
Colored nodes

Algorithms: shortest path, minimal spanning tree, transitive
closure, ...
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Example: Graph Implementation

class Graph {
Vector nv = new Vector(); Vector ev = new Vector();
Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = new Weight();
return e;
}
Edge add(Node n, Node m, Weight w)
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return ¢;
}
void print() {
for(inti=0; i< ev.size(); i++) {
((Edge)ev.get(i)).print();
}
}
}

class Node {
intid=0;
Color color = new Color();
void print() {
Color.setDisplayColor(color);
System.out.print(id);
}
}

class Color {
static void setDisplayColor(Colorc) { ... }

}

class Edge {
Node a, b;
Color color = new Color();
Weight weight = new Weight();
Edge(Node a,Node b){a=_a;b=_b;}
void print() {
Color.setDisplayColor(color);
a.print(); b.print();
weight.print();
}
}

class Weight{ void print() { ... }}
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Runtime Parameter
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Main Options VT Options VT Fonts

apeliZerberus

$ grep ——help
a ra I I le e r Aufruf: grep [OPTION],,, WUSTER [DATEID...

Suche nach MUSTER in jeder DATEI oder der Standardeingabe,
MUSTER ist normalerweise ein regulirer Standardausdruck (BRE),
Beispiel: grep -i 'Hallo Welt' menu.h main.c

Auzwahl und Interpretation regulirer Ausdricke:
-E, ——extended-regexp PATTERN iz am extended regular expression (ERE}

-F, ——fized-strings PATTEEN iz a set of newline-zeparated strings
-G, —-basic-regexp PATTERN iz a basic regular expression (BRE)}
-P, ——perl-regexp PATTEEN iz a Perl regular exprezsion
-e, ——reqgexp=HISTER MUSTER alz reguldren Fusdruck verwenden,
-f, ——file=FILE HUSTER aus DATEL lesen,
-i, ——ighore-case Unterachied zwischen Grof- und Kleinschreibung
ignarieren,
W, ——word-regexp MUSTER paszzt nur auf ganze Wérter,
-x, ——line-regexp MUSTER paszst nur auf ganze Zeilen,
-z, ——hull-data Eine feile endet mit Nullbyte, nicht Newline,
Yerschiedenes:
-5, —NOMESSages Fehlermeldungen unterdricken,
-, ——imvert-match Nicht-passende feilen anzeigen,
=Y, ——versioh Verzionshummer ausgeben und beenden,
—-—help Diese Hilfe ausgeben und beenden,

Kontrolle der Ausgabe:
-, ——max—count=ANZAHL stoppt hach ANZAHL (bereinstimmungen

-b, —byte—offszet gibt mit den Zeilen auch den Abztand in Bytes an

-n, ——line-number gibt mit den Zeilen auch die Zeilennummer an
--line-buffered leert. den Puffer nach jeder Zeile

-H, ——with-filename gibt den Datezinamen fir jede (bersinstimmung aus

-h, ——no—filenams unterdriickt die Ausgabe des worangehenden Dateinamens

—-label=BEZEICHHUNG  wverwendet BEZEICHNUNG alz Prafix fir Dateinamen
der Standardeingabe
-0, ——only-matching zeigt nur den Teil einer Zeile, der zu MUSTER pazst
-q, ——quiet, —-=zilent unterdriickt alle normalen Ausgaben
—-binary—files=TYF alle bindren Dateien sind wom Tup TYP:
TYFP kann binary", text" oder without-match" sein
-a, ——text gleichbedeutend mit —-binary-files=text
! gleichbedeutend mit --binary—files=without-match
-d, ——directories=AKTION beschreibt, wie Yerzeichnizsze zu behandeln sind:
AKTION kann read". recurse" oder skip" szein

-0, ——devices=AKTION Behandlung won Gerdten, FIFOs oder Sockets:
AKTION kann read" oder skip" zein
-, ——recursive wie ——directories=recurse

-R, ——dereference-recurzive ebenzo, folgt aber allen symbolischen Links
—=include=DATEIMUSTER durchsucht nur Dateien, die DATEIMUSTER entsprechen
——exclude=DATEIMUSTER Oberspringt Dateien und Yerzeichnizse, die

TATEIHUSTER entzprechen
——exclude—from=DATEl  (berspringt Dateien,. die einem Dateimuster
in DATEI entsprechen
——exclude—dir=MUSTEE  Verzeichnizse, die MUSTER entsprechen, werden Obersprungen
-L, —-files—without-match nur die Namen won Dateien ausgeben, die keinen
pazzenden Inhalt haben

S) -1, ——filez—with-matchez nur die Mamen von Dateien mit pazzendem Inhalt
ausgeben
-c, ——count nur die Anzahl der passenden Zeilen pro DATEL

anemaler



Parameter —i in grep

1 int match icase;
2
3 int main (int argc, char **argv)
4 [H{
5 [...1]
6 while ((opt = get nondigit option (argc, argv, &default c
7 switch (opt)
8 H {
9 [...]
10 case '1':
11 match icase = _;
12 break;
13 B }
14 - }
15
1&
17 static const char *
18 print line middle {(const char *beg, const char *1lim,
1% const char *line color, const char *match color)
20 H{
21 [...1
22 if (match icase)
23 H {
24 ibeqg = buf = ({(char *) =zmalloc(i):
10 5 while {(——-1 >= 0)
26 buf[i] = tolower(begl[il):




Global Configuration Options

class Conf {
public static boolean Logging = false;
public static boolean \Windows = false;
public static boolean Linux = true;
}
class Main {
public void foo() {
if (Conf.Logging)
log(,,running foo()“);
if (Conf.Windows)
callWindowsMethod();
else if (Conf.Linux)
callLlinuxMethod();
else
throw RuntimeException();
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Graph Implementation

class Conf {
public static boolean COLORED = true;
public static boolean WEIGHTED = false;

}
class Graph { class Node {
Vector nv = new Vector(); Vector ev = new Vector(); intid =0;

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
if (ConfWEIGHTED) e.weight = new Weight();
return e;
}
Edge add(Node n, Node m, Weight w)
if (!ConfWEIGHTED) throw RuntimeException();
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return e;
}
void print() {
for(inti=0; i< ev.size(); i++) {
((Edge)ev.get(i)).print();
}
}
}

Color color = new Color();
void print() {
if (Conf.COLORED) Color.setDisplayColor(color);
System.out.print(id);
}
}

class Color {
static void setDisplayColor(Colorc) { ... }

}
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class Edge {
Node a, b;
Color color = new Color();
Weight weight = new Weight();
Edge(Node a, Node b){a=_a;b=_b;}
void print() {
if (Conf. COLORED) Color.setDisplayColor(color);
a.print(); b.print();
if (ConfWEIGHTED) weight.print();
}
}

class Weight{ void print() { ... }}




Propagating Parameter
o1 x]

File Edit Tools Syntax Buffers Window Help

AIEE 0@ 4Ean BRBAIAITHAQ 2 2 Propagating through

-l # the doc templates in the doc_src directory. =] many calls instead of
x/
public Sequence openSequence{Transaction txn, global variable

DatabaseEntry key,
SequenceConfig config)
throws DatabaseException {

checkEnu()}; _J
Databaseltil.checkForHullDbt(key, "key™, true};
checkRequiredDbState{OPEN, "Can't call Database.openSequence:z");
checkWritable{"openSequence’);

trace{Level .FINEST, "Database.openSequence’, txn, key, null, nullj};

return new Sequence({this, txn, key, config);

b

Fxx

* Javadoc for this public method is generated via

* the doc templates in the doc_src directory.

=/

public void removeSequence{Transaction txn, DatabaseEntry key)
throws DatabaseException {

y ( txn, key); }. Database.java (W:\work\db\BerkeleyDb\src\com\sleepycat\je) - GVIM - |D

File Edit Tools Syntax Buffers Window Help

public synchronized Cursor upen[:a|r@ @]|H’ @|@ﬁﬁ|éé&|?@g| 2?2 %

throws DatabaseException ¢ _l * the doc templates in the doc_src directory.

*®/

public Sequence openSequence{Transaction txn,
DatabaseEntry key,

13 SequenceConfig config)

throws DatabaseException {




Configuration

httpd.conf -- win32 Apache

Building a Web Server, for Windows

Listen &8
ServerRoot "/www/Apache2”
DocumentRoot " /wwnw/webroot”

v Vv v Vv V9V v

Command-line parameter
Config file

Dialog

Source code

Registry

il
w

ServerName localhost:86

Serverfidmin adminf@localhost

ServerSignature On
ServerTokens Full

DefaultType text/plain
AddDefaultCharset IS50-8859-1

UseCanonicallName OFff
Hostnamelookups Off

Errorlog logs/error.log
Loglevel error

PidFile logs/httpd.pid

Timeout 386

w .9 General

x@- Context Menu

@ Set Extend Menu ltemn
----- =2 Dialogs 1

----- =2 Dialogs 2

----- =g Dialogs 3

----- ¥ Colors 1

----- ¥ Colors 2

..... ¥ Colors 3

----- Alternative editor

v 4P Git

----- % Credential

~ 7' Hook Scripts

----- W |zsue Tracker Integration
----- W Issue Tracker Config

~ Jg7) lcon Overlays

-4, lcon Set

-fg) Overlay Handlers

~ B Network
i@ Emnail
v -5, Diff Viewer

L

2% Dialogs 1

Log messages

Mo limitation v

V‘S e

Show asterisk log prefix

Default limitation of log messages:

Font for log messages: T Courier New

Short dateftime format in log messages
[Jrelative Times in log

Use system locale for date/time

[ can double-dick in log list to compare with previous revision
[] abbreviate renamings
Enable log cache

[[]Enable Gravatar 3 f fevwwe .gravatar .comfavatar/%HASHG?d =identicon ~~
[Joraw tagbranch labels on right side

[]5ymbuolize ref names

[ pisplay subject and body of commit messages
[] pisplay branch revision number

Describe

[ show describe in log

Describe Strategy Annotated tags w

7 [] always show long format

Abbreviated size




Discussion

» Variability distributed over the whole program code
» Either global variables or long parameter lists

» Configuration verified?
» Is reconfiguration possible at runtime?
» Protected from calls of deactivated functionality?

» No generator; always the whole variability is deployed
Code size, resource consumption, performance
Unused functionality as security risk

15



Domain Eng.

Application Eng.

Parameter list

(feature model) Program with

SEL runtime pa rameters
O.E;-.----Transé-;tions :D.'PI ---;asis
Twiin | [unix | [@et ]| [put | [Delete |

=88] spL

R 24 Basic Database Application
i - iz M 4 > M o+ = v x u 38
_____ Direcks CUST_NO | CUSTOMER | CONTACT...| CONTACT...| PHONE_ 4]
IFEC 1 1,001|Sighature .. |Dale J Littls (519) 530
. Fl 1,002|Dallas Tec.. | Glen Brown (214) 960
""" Transactions 3 1,003 |Buttle, Griff..| James Butle (617) 48¢
= 4 1,004|Cenlral Bank|Elizabeth |Brocket |61211 8
E| API 5 1,006(DT Systems |Tai W (852) 84(
: - 6 1,006 | DatagSenve ... Tamas Bright (613 226 |
L Get 7 1,007 |Mrs. Beauy. Mirs. Beaur.
H 8 1,008 |Anini Vacat...|Leilani Briggs (808) B3¢
H 9 1,008 Mac Max 220123
feneed Put Y o T e = e e e
H < | >
fed Delete Record 1 015
----- EE| Basis

Setting the start parameters Program execution
with desired behavior

Parameter selection
(feature selection)

16
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Recap: Modularity



What is Modularity?

18

Modularity is cohesion with encapsulation

Encapsulation: Hiding of implementation details behind
an interface

Cohesion: Grouping related program constructs in one
unit (e.g., package, class, ...)

Cohesive and weakly coupled modules can be
understood in an isolated way

Reduces complexity of the development
process




Encapsulation

public class ArrayList<E> {
public void add(int index, E element) {
if (index > size || index < 0)
throw new IndexOutOfBoundsException(
"Index: "+index+", Size: "+size);
ensureCapacity(size+1);
System.arraycopy(elementData, index,
elementData, index + 1, size - index);
elementData[index] = element;
size++;
}
public int indexOf(Object o) {
if (0 == null) {
for (inti=0;i < size; i++)
if (elementDatali]==null)
return i;
} else {
for (inti =0;i < size; i++)
if (0.equals(elementDatali]))
return i;

public interface List<E> {
void add(int index, E element);
int indexOf(Object 0);

» Hide implementation
details

» Interface describes
behavior

» Implementation can be
replaced




Cohesion/Coupling -- Example

Y

>\
N\ O/Oi’?
\\ZL@/\
X\‘/ I

N

» Grouping of methods and tasks
» Many calls over group boundaries

1

X

» Group implements different features

20
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Why Modularity?

» Software easy to understand(divide and conquer)

» Hides complexity from parts of the software behind
interface (information hiding)

» Easier to maintain, since all changes can be made locally
(maintainability)

» Parts of the software can be reused (reusability)

» Modules can be composed within a new context of
another project (variability)

21



Problems? — Scattered Code

class Graph {

class Node {

Vector nv = new Vector(); Vec

Edge add(Node n, Node m) { COd e Scatte ri ng Color();

Edge e = new Edge(n, m);

nv.add(n); nv.add(m); ev.add(e);
if (ConfWEIGHTED) e.weight = new Weight();
return g;

}
Edge add(Node n, Node m, Weight w)

if (!Conf WEIGHTED) throw RuntimeException
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return e;

}

void print() {
for(inti=0; i< ev.size(); i++) {

((Edge)ev.get(i)).print();

}

}

}

IT (Cont. ED) Color.setDisplayColor(color);
System.out.print(id);

}
}

class Color {
static void setDisplayColor(Colorc) { ... }

}

class Edge {
Node a, b;
Color color = new Color();
Weight weight;
Edge(Node a, Node b){a=_a;b=_b;}
void print() {
if (Conf. COLORED) Color.setDisplayColor(color);
a.print(); b.print();
if (!/ConfWEIGHTED) weight.print();
}
}

class Weight{ void print() { ... }}

29
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Problems? — Tangled Code

class Graph {

Vector nv = new Vector(); Vector ev = new Vector();

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
if (ConfWEIGHTED) e.weight = new Weight();
return e;

}

Edge add(Node n, Node m, Weight w)
if (!ConfWEIGHTED) throw RuntimeException();
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return e;

}

void print() {

Code Tangling

%
T~

class Node {
intid =0;
Color color = new Color();
void print() {
if (Conf.COLORED) Color.setDisplayColor(color);
System.out.print(id);
}
}

class Edge {

Node a, b;

Color color = new Color();

Weight weight;

Edge(Node a, Node b){a= _a;b

void print() {
if (Conf. COLORED) Color.setDisplayColor(color);
a.print(); b.print();

_b;}

1

» if (!ConfWEIGHTED) weight.print();

}

class Color {
static void setDisplayColor(Colorc) { ... }

}

22
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}

class Weight{ void print() { ... }}




Problems? — Replicated Code

class Graph {
Vector nv = new Vector(); Vector ev = new Vector();
Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
if (ConfWEIGHTED) e.weight = new Weight();
return g;

}

Code Replication

A EAA A A LR FELLA S A LLLY PR oAb W 7
e.weight = w; return e;

}

void print() {
for(inti=0; i< ev.size(); i++) {

((Edge)ev.get(i)).print();

}

}

}

class Node {
intid =0;
Color color = new Color();
y void print() {
if (Conf.COLORED) Color.setDisplayColor(color);
¥ System.out.print(id);
}
}

class Edge {
Node a, b;
— Color color = new Color();
Weight weight;
Edge(Node a, Node b){a=_a;b=_b;}
g void print() {
™ if (Conf. COLORED) Color.setDisplayColor(color);
a.print(); b.print();
if (!/ConfWEIGHTED) weight.print();
}

class Color {
static void setDisplayColor(Colorc) { ... }
}

24
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}

class Weight{ void print() { ... }}
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Design Patterns for Variability



Design Patterns

» Pattern for the design of a solution of a reoccurring
problem

» Many design patterns to achieve variability, extendibility,
and decoupling of functionality

» Selection:
Observer
Template Method
Strategy
Decorator

26



Observer Pattern

[Quelle: Meyer/Bay]



Observer Pattern

“Define[s] a one-to-many dependency between objects so
that when one object changes state, all its dependents are
notified and updated automatically.” [GoF, p 293]

1) Registers interest
Observer > Subject

€

2) Stores observers

3) Informs about events

- Interfaces add extra flexibility

« Inimplementation

28

Observer class(es)

Subject class

List in Subject storing registered Observer
Subject.AddToObservers(Observer) (called by Observer)
Observer.notify() (called by Subject)

28



Template Method Pattern

BubbleSorter
abstract

| IntBubbleSorter | DuuHeBubHeSnﬂer|

public abstract class BubbleSorter{
protected int length = 0;
protected wvoid sort () {
if (length <= 1) return;
for (int nextTolast= length-2;
nextToLast>= 0; nextTolLast--)
for (int index = 0;
index <= nextTolLast; index++)
if (outOfOrder (index)) swap (index) ;
}
protected abstract void swap(int index) ;
protected abstract boolean outOfOrder (int index) ;



IntBubbleSorter

public class IntBubbleSorter extends BubbleSorter/{

private int[] array = null;

public void sort(int[] theArray) {
array = theArray;
length = array.length;
super.sort () ;

}

protected void swap(int index) ({
int temp = array[index];
array[index] = arrayl[index+ 1];
array[index+l] = temp;

}

protected boolean outOfOrder (int index) ({
return (array[index] > array[index+ 1]);

30



Strategy Pattern

| Context =

31

«interface»

Strategy

algorithminterface

ConcreteStrategyA |Cuncrete$trategyﬂ ConcreteStrategyC

alﬂn rithminte rface! !

algorithminterface

algnrithmlnterface”



Strategy Pattern: Example

—

| BubbleSorter “rlerfacen

SortHandle

"Clients"

| QuickSorter

‘ | IntSortHandle | | DoubleSortHandle | ‘

Strategies

32
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Problem:
Unflexible Extension Mechanism



Unflexible Extension Mechanism

» Subclasses for extensions: modular, but unflexibel

» No “mix & match”

Stack

JAN

UndoStack

SecureStack

SynchronizedStac

Stack

Zﬁ

SecureStack

T

SynchronizedStac

34 e.g., White-Box-Framework

AN

UndoStack




Solution |

» Combined classe hierarchies
Combinatorial explosion of variants

Massive code replication

Stack

Synchronized Stac UndoStack SecureStack

T T

SynchronizedUndoStadk UndoSecureStac

» Multi-Inheritance %

} Com bi natorial eXp|OSion SynchronizedUndo SecureSta

Due to diverse problems (e. g. diamond problem)
available only in few languages

35



Diamond Problem

36

Stack

-values

+push()
+pop()
+size()

TN

UndoStack LockedStacK
_|Og
+Housh() +push()
+pop() +pop()
+undq) +size()
Hock()
+unlock()
LockedUndoStack

What happends?

new LockedUndoStack () .pop ()

“Multiple inheritance is good, but there is no

good way to do it.”
A. SYNDER




Delegation instead of Inheritance

class LockedStack implements IStack {
final IStack delegate;
public LockedStack(IStack delegate) {
this. delegate = delegate;

}

private void lock() { /* ... /* }
private void unlock () { /* ... /* }
public void push (Object o) {

lock ()

_delegate.push (o) ;

unlock () ;

}

public Object pop () {
lock () ;
Object result = delegate.pop();
unlock () ;
return result;

}

public int size () {
return delegate.size();

}

}

class UndoStack implements IStack {
final IStack delegate;
public UndoStack (IStack delegate) {
this. delegate = delegate;

}

public void undo() { /* ... /* }
public void push (Object o) {
remember () ;

_delegate.push (o) ;
}
public Object pop () {
remember () ;
return delegate.pop();
}
public int size () {
return delegate.size();
}
}

Main:
IStack stack = new UndoStack(
new lLockedStack (new Stack())):;

37




Decorator Pattern

38

«interface»
IStack 1
+push()
+pop()
+size()
1
I I
Stack StackDecorato
-values -delegate
+Hpush() +push()
+Hpop() +pop()
+size() +size()
LockedStack UndoStack SecureStack
-log -keyphrase
+push() +push() +push()
+pop() +pop() +pop()
+size() +unda() +encryp()
+Hock() +decrypl()
+unlock))




Example: Decorator in java.io

InputStream

-<

File Piped
InputStream | | InputStream

ByteArray
InputStream

PAVANACN

Filter >—
InputStream

Data

InputStream

Buffered Pushback
InputStream InputStream

» java.io contains different functions for input and output:

39

Programs operate on stream objects ...
Independent from the data source / target and type of data



Delegation instead of Inheritance— Discussion

» Dynamic combination is possible
» Extension must be independent from each other

» No way to add new methods (only extending existing
ones is possible)

» No late binding (no virtual methods)
» Many indirections in the execution (Performance)

» Multiple instances (objects) form a single object (object
schizophrenia)

40



Flexible Extension Mechanisms?
N N N

41



Outlook

» Configuration with generation at compile time
» More flexible extension mechanisms
» Modularising of features

42



Literature

» Gamma, Erich; Richard Helm, Ralph Johnson, and John
Vlissides (1995). Design Patterns: Elements of Reusable
Object-Oriented Software. Addison-Wesley. ISBN 0-201-
63361-2.

[Standard book for Design Patterns]

» Bertrand Meyer, Object-Oriented Software Construction,

Prentice Hall, 1997 — Chapters 3, 4
[Modularity]
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Quiz

» With what design pattern could you
implement feature color modularly?
(explain)

» Visualize the module that is
(a) very cohesive + strongly coupled
(b) very cohesive + weakly coupled
(c) low cohesive + strongly coupled

(d) low cohesive + weakly coupled

LA

class Graph {

Vector nv = new Vector(); Vector ev = new Vector();

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = new Weight();
return e;

}

Edge add(Node n, Node m, Weight w)
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; returne;

}

void print() {
for(int i = 0; i < ev.size(); i++) {

((Edge)ev.get(i)).print();

}
}

class Node {
intid=0;
Color color = new Color();
void print() {
Color.setDisplayColor(color);
System.out.print(id);
}
}

class Color {
static void setDisplayColor(Color¢) { ... }

}

class Edge {
Node a, b;
Color color = new Color();
Weight weight = new Weight();
Edge(Node _a, Node _b){a=_a;b=_b;}
void print() {
Color.setDisplayColor(color);
a.print(); b.print();
weight.print();
}
}

(2) ]
SE
(c) g
(d) i

class Weight { void print(} { .- }}




